Many pathologists will be familiar with the easily recognized asymmetrical hypertrophy seen in young and early middle-aged subjects, usually associated with sudden death. It is, however, not generally appreciated that hypertrophic obstructive cardiomyopathy is not necessarily asymmetrical or fatal or that it also occurs in older subjects. We have recently reviewed the pathology of 47 hearts with this feature and the present paper describes our findings, emphasizing those macroscopic features which are of diagnostic value in hearts where the hypertrophy is not of the easily recognized asymmetrical, septal type.
SYNOPSIS The macroscopic features of hypertrophic obstructive cardiomyopathy are variable. The most easily recognized picture is of disproportionate and asymmetrical left ventricular hypertrophy with a small ventricular volume. Symmetrical ventricular hypertrophy also occurs and dilatation of the ventricular cavity may lead to a configuration more usually associated with congestive cardiomyopathy. Papillary muscle involvement leads to a bullet shape, often retained even when the ventricle dilates. Eighteen of the hearts showed a distinctive band of fibrous thickening below the aortic valve. This was a mirror image of the free edge of the anterior mitral cusp, had the microscopic features of an endocardial friction lesion, and was clearly the morphological expression of the systolic contact between cusp and septum seen on cineangiography. This band is characteristic of hypertrophic obstructive cardiomyopathy; it was more common in older patients and is of particular diagnostic value in cases with symmetrical hypertrophy, including those with dilated ventricular cavities.
Sudden death was the commonest presentation in the younger cases but in several cases over 60 years at death hypertrophic obstructive cardiomyopathy was an incidental necropsy finding. Following Teare's (1958) report of eight young adults with tumour-like asymmetrical hypertrophy of the heart, a large literature on hypertrophic obstructive cardiomyopathy has accumulated. Most studies have been clinically orientated and less attention has been paid to the morphological aspects of this condition.
Many pathologists will be familiar with the easily recognized asymmetrical hypertrophy seen in young and early middle-aged subjects, usually associated with sudden death. It is, however, not generally appreciated that hypertrophic obstructive cardiomyopathy is not necessarily asymmetrical or fatal or that it also occurs in older subjects. We have recently reviewed the pathology of 47 hearts with this feature and the present paper describes our findings, emphasizing those macroscopic features which are of diagnostic value in hearts where the hypertrophy is not of the easily recognized asymmetrical, septal type.
Material
The diagnosis of hypertrophic obstructive cardiomyopathy was initially made on clinical history and 'In receipt of a grant from the British Heart Foundation. Received for publication 27 March 1974. naked-eye examination, confirmed by histological study of many areas throughout the heart. Microscopy showed thick, abnormally branched myofibres, disorganized architecture, fibrosis, and whorl formation which are characteristic of the condition (Pare, 1961; Olsen, 1971; Van Noorden, Olsen, and Pearse, 1971; Olsen, 1972) . These foci were, however, often present in only some of the many blocks examined. The problem of histological interpretation in hypertrophic obstructive cardiomyopathy has recently been comprehensively reviewed by Olsen and others (Olsen, 1971; Van Noorden et al, 1971; Olsen, 1972) but when the whole heart from which multiple blocks can be taken is available diagnosis is rarely difficult.
A clinical diagnosis of hypertrophic obstructive cardiomyopathy had been made in 13 cases, up to 11 years before death, and three cases were known to be familial. Three by a well defined lower edge (fig 5) , and, on superimposing the anteior mitral cusp on the septum, it was apparent that the configuration of the lower (apical) part of this band was a mirror image of the aortic surface of the lower part of this cusp. A minor degree of flat fibrous thickening was usually also visible on the aortic surface of the anterior mitral cusp (fig 5) . These lesions were clearly the result of repeated systolic contact between the free edge of the cusp and the septum. Histology (figs 6 and 7) showed the superficial dense collagenous and elastic thickening of the endocardium characteristic of jet M. J. Davies, Ariela Pomerance, and R. D. Teare and friction lesions. Total heart weight was usually increased (see table) and assessment of isolated ventricular weights by the Fulton method (Fulton, Hutchinson, and Jones, 1952) showed disproportionate left ventricular hypertrophy to be characteristic (fig 9) . Right ventricular mass, on the other hand, varied from normal to grosslyincreased (table) . Asymmetrical hypertrophy may involve a small or large segment of the left ventricle and, when the right ventricle is affected, this involves the right ventricular free wall.
Papillary muscle involvement produces large, blunt-tipped muscle masses with a bullet-like shape. The left ventricular cavity is characteristically small, especially when seen after sudden death, but if death occurs after prolonged cardiac failure the resultant ventricular dilatation produces an appearance akin to congestive cardiomyopathy (fig 10) .
Only one of our cases had calcification of the mitral valve ring, an association noted by Tajik, Guiliani, Frye, Davis, McGoon, and Brandenburg (1972) and Krauss, Weisinger, and Glassman (1972) . None showed any evidence of congenital displacement of the mitral cusps (Bj6rk, Hultquist, and Lodin, 1961 ).
Discussion
It is clear from our pathological material and from recent clinical studies (Penther, Cousteau, Maurice, and Lenegre, 1970; Whiting, Powell, Dinsmore, and Sanders, 1971; Tajik, Assad-Morell, and Guiliani, 1973) that hypertrophic obstructive cardiomyopathy is not confined to the young and middle aged.
Fourteen (30%.) of the 47 hearts we have studied (Simon, Ross, and Gault, 1967) . The high septal band of hypertrophic obstructive cardiomyopathy is easily distinguished from congenital subaortic stenosis which may also, rarely, be seen in middle and old age (Pomerance and Davies, 1974 It is difficult to assess the extent to which personal interests, selection of material, and our early awareness of the diagnostic nature of the subaortic band have been responsible for the high incidence of this finding in our series. However, necropsy observations in 11 of the 133 patients with hypertrophic obstructive cardiomyopathy by Penther and and his colleagues (1970) also reveal a much greater incidence in the older cases. A subaortic band was noted in all six patients dying over 55 years of age but it was present in only one of the five dying under 55 years. A relation to age is to be expected; the fibrous band is simply a form of friction lesion and thus likely to be more prominent in longer standing disease. The higher incidence of symmetrical left ventricular hypertrophy and increased heart weights in the elderly patients is also attributable to a myocardial response to the outflow obstruction and is therefore evidence of longstanding disease.
An interesting and unexpected finding was the number of cases in which hypertrophic obstructive cardiomyopathy was an apparently incidental postmortem finding. All these six patients were elderly, the youngest being 67 years; five died of carcinoma of various primary sites and the sixth of septicaemia associated with cholecystitis. The variability of the clinical course of hypertrophic obstructive cardiomyopathy is well recognized (Frank and Braunwald, 1968; Parker, 1969) and recently echocardiography has shown that asymmetrical septal hypertrophy can be present without any clinical evidence of heart disease (Henry, Clark, and Epstein, 1973 
